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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 
(57)Abstract> 

PROBLEM TO BE SOLVED: To achieve excellent high-rate charging/discharging characteristics 
without any deposition of lithium on a negative electrode during high-rate charging. 
SOLUTION: This nonaqueous electrolyte secondary battery comprises a negative electrode 1 
containing a negative electrode material using graphite capable of doping or de-doping lithium as 
an active substance, a positive electrode 2 containing lithium and a non-aqueous electrolyte. The 
negative electrode material contains carbon black having a DBP oil absorbing quantity of 10 ml/100 
g or more within the range of 0.05-5 wt.%. 



CLAIMS 



[Claim(s)] 

[Claim l] It is the nonaqueous electrolyte rechargeable battery characterized by the 
above-mentioned negative-electrode ingredient containing the carbon black whose dibutyl 
phthalate oil absorption is 70ml / lOOg or more in the nonaqueous electrolyte rechargeable 
battery which comes to have the negative electrode containing the negative-electrode ingredient 
which uses as an active material the graphite in which the dope and dedope of a lithium are 
possible, a positive electrode containing a lithium, and nonaqueous electrolyte in 0.05 % of the 
weight or more and 5% of the weight or less of the range. 

[Claim 2] The above-mentioned carbon black is a nonaqueous electrolyte rechargeable battery 
according to claim 1 characterized by bulk density being 0.03g /cm 3 or more and 0.4 g/cm 3 
or less . 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nonaqueous electrolyte rechargeable battery 

which uses a carbon material for a negative electrode ingredient. 

[0002] 

[Description of the Prior Art] The remarkable advance of an electronic technique in recent years is 
realizing miniaturization and lightweight-ization of electronic equipment one after another. In 
connection with it, the demand of small, a light weight, and a high energy consistency is 
increasing increasingly also to the cell as a power source for portable. 

[0003] Conventionally, as a rechargeable battery of a general application, water* solution system 
cells, such as a lead cell and a nickel cadmium battery, were in use. Although cycle properties, 
such as a lead cell and a nickel cadmium battery, were satisfying to some extent, they were not 
able to be said as the property which can be satisfied in respect of cell weight or energy density. 
[0004] Recently, research and development in the nonaqueous electrolyte rechargeable battery 
which used the lithium simple substance or the lithium alloy for the negative electrode is done 
briskly. This nonaqueous electrolyte rechargeable battery has a high energy consistency by using 
for a positive -electrode ingredient Li content multiple oxide represented by LiCoCh with high 
discharge voltage, and there is also little self-discharge and it has the outstanding property of 
being lightweight. 

[0005] However, in the nonaqueous electrolyte rechargeable battery which used the lithium 
simple substance or the lithium alloy for the negative electrode ingredient, the dendrite -like 
crystal of a lithium deposits in a negative electrode with charge. Since the dendritelike crystal of 
this lithium grows and reaches a positive electrode, internal short-circuit will occur. Moreover, 
since practical rapid charge and discharge lead to crystal generation of the shape of a dendrite of 
a lithium, they are impossible. Utilization of the nonaqueous electrolyte rechargeable battery 
which used the lithium simple substance or the lithium alloy as the negative -electrode ingredient 
is made difficult for the above-mentioned fault. 

[0006] Then, the so-called rechargeable lithium-ion battery which can incorporate a lithium ion in 
stratified compounds, such as oxide and carbon, attracts attention, without depositing a lithium 
in a negative electrode. A rechargeable lithium-ion battery uses the dope and dedope of the 
lithium of a between [ negative-electrode ingredient layers, such as a carbon material, ] for a 
negative -electrode reaction. With a rechargeable lithium-ion battery, at the time of charge, a 
deposit of the dendrite like crystal of a lithium is not seen on a negative electrode, but shows a 
good charge -and-discharge cycle property to it. 

[0007] By the way, in a rechargeable lithium-ion battery, the graphites of the high crystallinity 
carbon material with which nongraphitizing carbon ingredients and the crystal structures, such 
as corks and glassy carbon, progressed are mentioned to the carbon material put in practical use 
as a negative -electrode ingredient. The graphites of a high crystallinity carbon material have high 
true density compared with a crystalline low nongraphitizing carbon ingredient. If the black 
smokes of a high crystallinity carbon material are used as a negative -electrode active material, 
electrode pack density will be high and it will become possible to design the nonaqueous 
electrolyte rechargeable battery which has a high energy consistency. 

[0008] Since the discharge curve is flat, the rechargeable lithium-ion battery which uses the 



graphites of a high crystallinity carbon material as a negative-electrode active material also has 
the advantage in which there is no energy loss on the occasion of electrical-potential-difference 
conversion by electronic equipment, while having a high energy consistency. 
[0009] However, the graphites of a high crystallinity carbon material disassemble the propylene 
carbonate (henceforth PC) used widely as a main solvent of nonaqueous electrolyte until now. 
Then, the rechargeable lithium -ion battery which combined the nonaqueous electrolyte which 
uses as the main solvent the negative electrode which such un-arranging is canceled and consists 
of graphites of a high crystallinity carbon material by using ethylene carbonate (henceforth EC) 
as a main solvent instead of and EC is put in practical use. [ PC ] 
[0010] 

[Problem(s) to be Solved by the Invention] In the negative electrode which becomes as a 
negative-electrode active material, electrode restoration nature is raised in the graphites of a high 
crystallinity carbon material with high true density. However, on the occasion of charge and 
discharge, since diffusion of a lithium ion is slow, it is easy to produce polarization inside a 
negative electrode. For this reason, if charge and discharge are comparatively performed by heavy 
loading, since negative -electrode potential will become lower than lithium potential with the 
overvoltage produced according to polarization, a lithium deposits on the surface of a negative 
electrode. Then, to make prompt lithium ion conduction in the limited clearance which exists in a 
negative -electrode active material grain boundary by the time of charge and discharge is desired. 
[0011] This invention is proposed based on such the conventional actual condition, reduces the 
internal resistance of a negative electrode by obtaining diffusion of the smoother lithium ion 
inside a negative electrode, and aims at offering the nonaqueous electrolyte rechargeable battery 
which was excellent in the high charge-and-discharge property for the purpose of controlling the 
lithium deposit on a negative-electrode front face at the time of high charge. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the nonaqueous 
electrolyte rechargeable battery of this invention has the negative electrode containing the 
negative-electrode ingredient which uses as an active material the graphite in which the dope and 
dedope of a lithium are possible, a positive electrode containing a lithium, and nonaqueous 
electrolyte, and the above-mentioned negative -electrode ingredient is characterized by containing 
the carbon black whose amounts of dibutyl phthalate oil supply (it considers as DBP oil 
absorption hereafter.) are 70ml / lOOg or more in 0.05 % of the weight or more and 5% of the 
weight or less of the range. 

[0013] In the nonaqueous electrolyte rechargeable battery concerning this invention constituted 
as mentioned above, since the solution retention of the electrolytic solution in a negative electrode 
increases by containing carbon black excellent in conductivity and solution retention in a negative 
electrode, it becomes possible to obtain smooth lithium ion diffusion between the particles of the 
graphite which is a negative electrode active material. Since this becomes possible [ preventing 
polarization inside a negative electrode ], the internal resistance of a negative electrode is reduced, 
and since the dope and dedope of the lithium to the graphite which is a negative electrode active 
material can be made smooth, a deposit of the lithium to a negative -electrode front-face top can be 
controlled at the time of high charge. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the nonaqueous electrolyte 
rechargeable battery concerning this invention is explained to a detail, referring to a drawing. 



[0015] As the nonaqueous electrolyte rechargeable battery concerning this invention is the 
so-called rechargeable lithium-ion battery and is shown in drawing 1 , it comes to load [ the 
interior of the cell can 4 ] the rolled layer object which wound the negative electrode 1 band-like 
[ containing the negative -electrode ingredient which uses as an active material the graphite in 
which the dope and dedope of a lithium are possible ], and the band-like positive electrode 2 
containing a lithium in the state of adhesion through the separator 3 which consists of a 
microporous polypropylene film. 

[0016] the negative electrode with which the above-mentioned negative electrode 1 consists of a 
negative-electrode charge collector 5, and a negative -electrode ingredient and a binder - it 
consists of a negative electrode active material layer formed by applying a mixture on the 
negative -electrode charge collector 5. the positive electrode with which the above-mentioned 
positive electrode 2 consists of a positive -electrode charge collector 6, and positive active material 
and a binder - it consists of a positive-active-material layer formed by applying a mixture on the 
positive -electrode charge collector 6. 

[0017] In order to prevent an unprepared short circuit, the electric insulating plate 7 is inserted in 
the pars basilaris ossis occipitalis of the cell can 4 with which the above-mentioned rolled layer 
object is contained. And in order to take current collection of a negative electrode 1, the end of the 
negative -electrode lead 8 which consists of nickel is stuck to a negative electrode 1 by pressure, 
and the other end is welded to the cell can 4. Thereby, the cell can 4 will have a negative electrode 
1 and a flow, and serves as an external negative electrode of a nonaqueous electrolyte 
rechargeable battery. Moreover, in order to take current collection of a positive electrode 2, the 
end of the positive -electrode lead 9 which consists of aluminum is attached in a positive electrode 
2, and the other end is electrically connected with the cell lid 11 through the sheet metal 10 for 
current cutoff. This sheet metal 10 for current cutoff intercepts a current according to cell internal 
pressure. Thereby, the cell lid 11 will have a positive electrode 2 and a flow, and serves as an 
external positive electrode of a nonaqueous electrolyte rechargeable battery. 

[0018] Nonaqueous electrolyte is poured in into the above-mentioned cell can 4. This nonaqueous 
electrolyte dissolves an electrolyte in a non aqueous solvent, and is prepared. Moreover, by closing 
the cell can 4 through the insulating obturation gasket 12 which applied asphalt, the cell lid 11 is 
fixed and a cylindrical nonaqueous electrolyte cell is produced. In addition, in this nonaqueous 
electrolyte rechargeable battery, as shown in drawing 1 , while the center pin 13 linked to the 
negative -electrode lead 8 and the positive-electrode lead 9 is formed, when the pressure inside a 
cell becomes higher than a predetermined value, the PTC component 15 for preventing the 
temperature rise inside the relief valve equipment 14 for extracting an internal gas and a cell is 
formed. 

[0019] the negative electrode which consists of a negative-electrode ingredient with which the 
negative -electrode active material layer which constitutes a negative electrode 1 consists of the 
graphite and carbon black which are a negative electrode active material in the nonaqueous 
electrolyte rechargeable battery which has the above-mentioned configuration, and a binder - 
after applying a mixture on the negative electrode charge collector 5, it is dried. 
[0020] The carbon black which constitutes a negative -electrode ingredient is contained to the 
graphite in a negative electrode ingredient in 0.05 % of the weight or more and 5% of the weight 
or less of the range. Since liquid retaining of the electrolytic solution required to obtain smooth 
lithium ion diffusion between the particles of the graphite which is a negative electrode active 
material is not fully carried out when there are few amounts of mixing of carbon black than 



0.05 % of the weight, a possibility that a lithium may deposit is shown in a negative -electrode 
front face. Moreover, since the fill of the graphite in a negative electrode ingredient falls when 
there are more amounts of mixing of carbon black than 5 % of the weight, there is a possibility 
that the capacity of a cell may fall. 

[0021] Therefore, liquid retaining of the electrolytic solution required to obtain smooth lithium ion 
diffusion between the particles of the graphite which is a negative -electrode active material by 
making the amount of mixing of carbon black into 0.05 % of the weight or more and 5% of the 
weight or less of the range is fully carried out. Moreover, the fill of the graphite in a 
negative-electrode ingredient required in order to give a high cell capacity will be filled. 
[0022] The carbon black whose DBP oil absorption is 70ml / lOOg or more is used for the carbon 
black which constitutes a negative electrode ingredient. 70ml / carbon black fewer than lOOg has 
a possibility that effectiveness since DBP oil absorption is weak, to the extent that the liquid 
retaining force of the electrolytic solution promotes [ oil absorption ] lithium ion diffusion inside a 
negative electrode at the time of high charge and discharge may not be acquired. 
[0023] Therefore, the carbon black which constitutes a negative electrode ingredient can fully 
carry out liquid retaining of the electrolytic solution of a complement, in order to show the 
effectiveness of promoting the lithium ion diffusion inside a negative electrode at the time of high 
charge and discharge by using the carbon black whose DBP oil absorption is 70ml / lOOg or more. 
[0024] In addition, DBP oil absorption adds dibutyl phthalate to carbon black little by little, it 
observes the condition of carbon black, making it scour each other, and means the addition of the 
dibutyl phthalate when finding out the point of making one lump from the condition distributed 
scatteringly. 

[0025] Moreover, as for the bulk density of carbon black, it is desirable that they are 0.03 g/cm 3 
or more and 0.4 g/cm 3 or less . When the bulk density of carbon black is lower than 0.03 g/cm 3 , in 
order that the volume density of a negative -electrode electrode may not go up, there is a 
possibility that cell capacity may fall. Moreover, since the volume to the addition weight of carbon 
black becomes small when there is more bulk density of carbon black than 0.4 g/cm 3 , there is a 
possibility that the effectiveness of carbon black not coming to be filled up with the space between 
the particles of the graphite which is a negative electrode active material, and promoting the 
lithium ion diffusion inside a negative electrode may not be acquired. 

[0026] Therefore, the volume density of making it fully filled up with the space between the 
particles of the graphite which is a negative -electrode active material, and promoting the lithium 
ion diffusion inside a negative electrode, and a negative electrode electrode can be raised by 
making bulk density of carbon black into 0.03g /cm 3 or more and 0.4 g/cm 3 or less , and cell 
capacity can be made to increase by it. 

[0027] The above-mentioned carbon black is classified according to a raw material, a process, etc. 
to be used. Generally it is classified according to a process, is divided roughly into the pyrolysis or 
incomplete combustion of coal for coke-making ized hydrogen, or any, and is further subdivided 
by the class of raw material. As a thermal decomposition method, there are thermal ** and an 
acetylene part solution method, and there are the contacting method, a lamp and a turpentine 
soot method, a gas furnace method, and the oil furnace method as an incomplete combustion 
method. As an example of the carbon black generated by the above-mentioned process, acetylene 
black, KETCHIEN black, thermal black, and furnace black are mentioned. 

[0028] The graphite which constitutes a negative-electrode ingredient on the other hand has high 
crystallinity, and it is desirable that true density is 2.1 g/cm 3 or more. 



[0029] Coal and a pitch are mentioned as what has the typical start raw material of the graphite 
used as a negative -electrode ingredient. What is obtained from the tar system obtained by 
elevated* temperature pyrolyses, such as a coal tar, an ethylene bottom oil, and a crude oil, asphalt, 
etc. as a pitch by actuation of distillation (vacuum distillation, atmospheric distillation, steam 
distillation), a heat polycondensation, an extract, a chemistry polycondensation, etc., the pitch 
which also generates others at the time of wood dry distillation are mentioned. As a start raw 
material which furthermore generates a pitch, it is also possible to use high molecular compounds, 
such as polyvinyl chloride resin, polyvinyl acetate, polyvinyl butyrate, 3, and S dimethylphenol 
resin, as a start raw material. 

[0030] In the middle of carbonization, these coal, a pitch, and a high molecular compound are 
liquefied, and exist at a maximum of about 400 °C, and rings will be in condensation and the 
condition that many cyclized and the laminating carried out orientation, by holding at this 
temperature. Then, if it becomes the temperature of about 500 or more, it will form, solid 
carbon precursor, i.e., semicoke. Such a process is called a liquid-phase carbonization process, and 
is a typical generation process of graphitizing carbon. 

[0031] in addition, condensation heterocyclic compounds, such as condensed multi ring 
hydrocarbon compounds, such as naphthalene, a phenanthrene, an anthracene, triphenylene, a 
pyrene, perylene, pentaphene, and pentacene, other derivatives (for example, these carboxylic 
acids, a carboxylic anhydride, carboxylic -acid imide, etc.) or mixture, an acenaphthylene, Indole, 
an iso indole, a quinoline, an isoquinoline, quinoxaline, phthalazine, a carbazole, an acridine, 
phenazine, and phenanthridine, - the derivative is also still more nearly usable as a start raw 
material. 

[0032] In order to generate the graphite used as a desired negative electrode active material, after 
carbonizing at the temperature of 300-700 °C in inert gas such as nitrogen air currents, , by 
using the above-mentioned organic material as a start raw material, temporary quenching is 
carried out into an inert gas air current on programming rate of 1100 °C a part for /and 
attainment temperature of 900- 1500 °C , and about [ holding-time 0*30 hour ] conditions, and 
2000°C or more are preferably heat-treated above 2500 °C or more . Carbonization and 
temporary-quenching actuation may be omitted depending on the case. 

[0033] Metallic foils, such as copper foil, are used as a negative -electrode charge collector 5 which 
constitutes a negative electrode 1. 

[0034] a negative electrode - as the binder of a mixture usually the negative electrode of this 
kind of cell - the well-known binder used for the mixture can be used. 

[0035] next, the positive electrode with which the positive-active-material layer which constitutes 
a positive electrode 2 consists of positive active material and a binder - a mixture is applied on 
the positive -electrode charge collector 6, and it dries. 

[0036] What [ especially ] is suitable as positive active material is not limited, but it is desirable 
that sufficient quantity of the lithium is included, for example, the compound metallic oxide 
which consists of a lithium expressed with a general formula LiMC>2 (it is - a broth M expresses at 
least one sort of Co, nickel, Mn, Fe, aluminum, V, and Ti.) and transition metals, the intercalation 
compound containing a lithium, etc. are mentioned. 

[0037] Metallic foils, such as aluminium foil, are used as a positive electrode charge collector 6 
which constitutes a positive electrode 2. 

[0038] a positive electrode ■■ as the binder of a mixture - usually - the positive electrode of this 
kind of cell - the well-known binder used for the mixture can be used. 



[0039] Next, nonaqueous electrolyte consists of a non aqueous solvent and an electrolyte. 
[0040] In using a graphite for a negative electrode 1 like this invention as a main solvent of a 
non-aqueous solvent, it will be the requisite to use EC which a dielectric constant is 
comparatively high and cannot be easily decomposed by graphites. Furthermore, in order to raise 
conductivity and to improve a current characteristic, two or more hypoviscosity solvents are 
added to EC. Moreover, the compound of the structure which permuted the hydrogen atom of EC 
by the halogen is also suitable as a main solvent of nonaqueous electrolyte. 

[0041] As a hypoviscosity solvent added to Above EC, phosphoric ester, such as carboxylate, such 
as the symmetry or unsymmetrical chain-like carbonates, such as diethyl carbonate, dimethyl 
carbonate, methylethyl carbonate, and methylpropyl carbonate, methyl propionate, and ethyl 
propionate, and trimethyl phosphate, and phosphoric-acid triethyl, is usable, and it is also 
possible to mix two more or more sorts. 

[0042] When what has graphites and reactivity like PC on the other hand permutes the part with 
the second component solvent to the compound of the structure which permuted the hydrogen 
atom of EC or EC as a main solvent by the halogen, a property good as a solvent of nonaqueous 
electrolyte is acquired. 

[0043] As the second component solvent, PC, butylene carbonate, vinylene carbonate, 1, 
2-dimethoxyethane, 1, 2-diethoxy methane, gamma-butyrolactone, a valerolactone, a 
tetrahydrofuran, 2-methyl tetrahydrofuran, 1, 3-dioxolane, the 4-methyl -1, 3-dioxolane, a 
sulfolane, a methyl sulfolane, etc. are usable. 

[0044] As an electrolyte which constitutes nonaqueous electrolyte, if used for this kind of cell, all 
are usable. For example, LiPFe, LiC10 4 , LiAsFe, LiBF 4 , LiB (CeHsk CHaSOsLi, CF 3 SOaLi, LiCl, 
LiBr, etc. are raised, and LiPF6 is desirable especially. 

[0045] Next, as the quality of the material of the cell can 4 and the cell lid 11 which constitute a 
cell case, iron, nickel, stainless steel, aluminum, titanium, etc. are mentioned. When 
electrochemical corrosion takes place in nonaqueous electrolyte on cell actuation, it becomes 
usable by plating with nickel etc. to a cell case. 
[0046] 

[Example] Although the concrete example of this invention is explained hereafter, it cannot be 
overemphasized that this invention is not what is limited to this example. 
[0047] <Experiment 1> The experiment 1 set the bulk density of carbon black constant in the 
sample 1 - the sample 11, and evaluated the cell charge and discharge property to the difference 
with the content of carbon black, and DBP oil absorption. 

[0048] The production approach of the sample powder of the graphite which constitutes a sample 
1 negative -electrode ingredient is as follows. After mixing the coal tar system pitch used as a 
binder at 30 weight ****** and about 100 °C to the coal system corks 100 weight section used as 
a filler, compression molding was carried out with a press and the precursor of a carbon molding 
object was obtained. Pitch sinking-in / baking process of sinking in and heat-treating the binder 
pitch which the carbon material molding object which heat-treated and obtained this precursor 
below 1000 °C was made dissolving below 200 more °C below 1000 °C was repeated several 
times. Then, after heat-treating this carbon molding object at 2700 °C according to the inert 
atmosphere and acquiring a graphitization molding object, grinding classification was carried out 
and the sample powder of a graphite was obtained. 

[0049] In addition, the result of having performed X diffraction measurement about the sample 
powder of the graphite obtained at this time, C shaft microcrystal thickness (002)calculated from 



0.337nm and a diffraction (002) line the spacing of a field 50.0nm, A specific surface area 
according the Brunauer, Emmett, Teller method is 4.4m 2 /g, bulk density is 0.83 g/cm 3 ,the true 
density by the pycnometer method which uses a butanol as a solvent is 2.23g /cm 3 , For a graphite 
particle of the particle size distribution by the laser diffraction method , mean particle diameter 
31.2 micrometers and 10% particle size of accumulation 12.3 micrometers and 50% particle size of 
accumulation, 29.5 micrometers and 90% particle size of accumulation was 53.7 micrometers and 
the average of the disruptive strength of 27.1 kgf(s)/mm. 

[0050] Next, DBP oil absorption actually produced the cylindrical nonaqueous electrolyte 
rechargeable battery by 163ml / lOOg to the sample powder produced as mentioned above by using 
as a negative -electrode ingredient what mixed the carbon black whose bulk density is 0.08 g/cm 3 
0.5% of the weight. 

[0051] In addition, the above-mentioned DBP oil absorption is J1S. It asked by oil absorption B 
law (knife the scouring method) indicated by K-6221. Moreover, the above-mentioned bulk density 
is JTS. It asked by the approach indicated by K-1469. 

[0052] The production approach of a negative electrode 1 is as follows, the above-mentioned 
sample powder - as 90 weight sections and a binder - the polyvinylidene fluoride 10 weight 
section mixing - a negative electrode - N-methyl pyrrolidone which adjusts a mixture and 
serves as a solvent -- the above-mentioned negative electrode - the mixture was distributed and it 
was made the shape of a slurry (paste), as the negative -electrode charge collector 5 band-like 
copper foil with a thickness of 10 micrometers - using - a slurry-like negative electrode -- both 
sides of this charge collector were made to apply and dry a mixture, compression molding was 
carried out by the constant pressure behind, and the band "like negative electrode 1 was produced. 
[0053] The production approach of a positive electrode 2 is as follows. First, it is the following, and 
positive active material was made and produced. One mol of cobalt carbonate was mixed with 0.5 
mols of lithium carbonates, and this mixture was calcinated at the temperature of 900 *C in air 
for 5 hours. As a result of performing X diffraction measurement about the obtained ingredient, 
the peak location was well in agreement with the data of LiCoCte registered into the JCPDS file, 
[0054] LiCo02 obtained by the above-mentioned production approach was ground so that the 
accumulation particle size obtained with a laser diffraction method might be set to 15 
micrometers, and 95 % of the weight of this LiCo02 powder and 5 % of the weight of 
lithium-carbonate powder - mixing - as 91 % of the weight and the electric conduction agent of 
this mixture - a scale -like graphite -- as 6 % of the weight and a binder -- 3 % of the weight of 
polyvinylidene fluorides - mixing -- a positive electrode - a mixture - adjusting - N-methyl 
pyrrolidone the above-mentioned positive electrode - the mixture was distributed and it was 
made the shape of a slurry (paste), as the positive -electrode charge collector 6 - band-like 
aluminium foil with a thickness of 20 micrometers - using a slurry like positive electrode -■ 
both sides of this charge collector were made to apply and dry a mixture, compression molding 
was carried out behind, and the band-like positive electrode 2 was produced. 
[0055] Subsequently, as shown in drawing 1 , after carrying out the laminating of the band-like 
negative electrode 1 produced as mentioned above and the band-like positive electrode 2 to the 
order of a negative electrode 1, a separator 3, a positive electrode 2, and a separator 3 through the 
separator 3 which consists of a fine porosity polypropylene film with a thickness of 25 
micrometers, it wound about many times, and the eddy coil former electrode object with an outer 
diameter of 18mm was produced. 

[0056] The eddy coil former electrode object produced by the approach mentioned above was 



contained with the iron cell can 4 which performed nickel plating. And the electric insulating 
plate 7 was arranged in vertical both sides of an eddy coil former electrode object, the 
positive -electrode lead 9 made from aluminum was drawn from the positive -electrode charge 
collector 6, it welded to the cell lid 11, the negative -electrode lead 8 made from nickel was drawn 
from the negative-electrode charge collector 5, and it welded to the cell can 4. 
[0057] Into this cell can 4, the electrolytic solution which dissolved LiPF6 in the amount mixed 
solvent of isochore of EC and dimethyl carbonate at a rate of 1.0 mol/1 was poured in. 
Subsequently, by closing the cell can 4 through the insulating obturation gasket 12 which applied 
the front face with asphalt, fixed the cell lid 11 to the relief valve equipment 14 and the PTC 
component 15 list which have a current cutoff device, the airtightness in a cell was made to hold, 
and the cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] and 
a height of 65mm was produced. 

[0058] The cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] 
and a height of 65mm was produced like the sample 1 except considering sample 2 carbon black 
as mixing 2% of the weight. 

[0059] The cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] 
and a height of 65mm was produced like the sample 1 except considering sample 3 carbon black 
as mixing 5% of the weight. 

[0060] The cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] 
and a height of 65mm was produced like the sample 1 except considering sample 4 carbon black 
as mixing 0.05% of the weight. 

[0061] The cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] 
and a height of 65mm was produced like the sample 1 except considering as mixing the carbon 
black whose sample 5DBP oil absorption is 72ml / lOOg. 

[0062] The cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] 
and a height of 65mm was produced like the sample 1 except considering as mixing the carbon 
black whose sample 6DBP oil absorption is 127ml / lOOg. 

[0063] The cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] 
and a height of 65mm was produced like the sample 1 except considering as mixing the carbon 
black whose sample 7DBP oil absorption is 360ml / lOOg. 

[0064] Except produced the cylindrical nonaqueous electrolyte rechargeable battery with a 
diameter [ of 18mm ], and a height of 65mm like the sample 1 except not adding sample 8 carbon 
black. 

[0065] The cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] 
and a height of 65mm was produced like the sample 1 except considering sample 9 carbon black 
as mixing 0.02% of the weight. 

[0066] The cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] 
and a height of 65mm was produced like the sample 1 except considering sample 10 carbon black 
as mixing 6% of the weight. 

[0067] The cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] 
and a height of 65mm was produced like the sample 1 except considering as mixing the carbon 
black whose sample 11 DBP oil absorption is 48ml / lOOg. 

[0068] About the cell produced as mentioned above, it charged first. Charge was performed under 
23 °C environment on constant current 0.5A, maximum electrical-potential-difference 4.2V, and 
the constant current constant-voltage conditions of 4 hours. Next, it carried out to termination 



electrical-potential-difference 2.75V, having used discharge as constant current 0.3A under 23*C 
environment, and the initial capacity of a cell was investigated. 

[0069] Then, it charged. Charge was performed on the constant current constant-voltage 
conditions of 2.5 hours set to constant current 1.0A and maximum electrical-potential-difference 
4.2V under 23°C environment. After leaving it under 23°C environment after that for 3 hours, the 
alternating current impedance was measured with the frequency of 1kHz, and the applied voltage 
of 10m V, and cell internal resistance was investigated. Next, it discharged to termination 
electrical-potential- difference 2.75V as constant current 5A, and cell capacity was investigated. 
[0070] Then, it charged again. Charge was performed on the constant current constant-voltage 
conditions of 2.5 hours set to constant current 3. OA and maximum electrical-potential-difference 
4.2V under 23*C environment. Then, the cell was disassembled and the existence of a deposit of 
the lithium on the front face of a negative electrode was investigated. 
[0071] The above result is shown in Table 1. 
[0072] 
[Table 1] 
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5A discharge 
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Sample 1 


0.5 


163 


0.08 


N.F. 


1551 


598 


Sample 2 


2 


163 


0.08 


N.F. 


1548 


600 


Sample 3 


5 


163 


0.08 


N.F. 


1501 


522 


Sample 4 


0.05 


163 


0.08 


MP. 


1519 
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Sample 5 


0.5 


72 


0.08 


N.F. 


1497 
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Sample 6 


0.5 


127 


0.08 


N.F. 


1544 


589 


Sample 7 


0.5 


360 


0.08 


N.F. 


1550 


601 


Sample 8 


0 






F 


1488 


447 


Sample 9 


0.02 


163 


0.08 


F 


1491 


460 


Sample 10 


6 


163 


0.08 


N.F. 


1471 


471 


Sample 1 1 


05 


48 


0.08 


F 


1494 


463 
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[0073] In Table 1, the DBP oil absorption of carbon black performed evaluation of a cell 
charge-and-discharge property to the difference of the amount of mixing of carbon black first 
about 163ml / lOOg, the fixed samples 1-4 and samples 9 and 10, and the sample 8 that does not 
mix carbon black. 

[0074] With samples 14, a deposit of a lithium is not found on a negative-electrode front face after 
3A charge, but the cell capacity in 5A discharge is high, and it turns out that there is an 
outstanding high charge -and discharge property. The solution retention of the electrolytic 
solution goes up by carbon black entering between the particles of the graphite which is a 
negative -electrode active material, and this is because the dope and dedope reaction of a lithium 
ion are smoothly performed to the bottom of high charge and a high-rate discharge environment. 
[0075] As samples 8 and 9 show, when there are few amounts of mixing of carbon black as 0.02 % 



of the weight or less, a deposit of a lithium is found on a negative-electrode front face after 3A 
charge, and a cell charge-anddischarge property is low. This is because liquid retaining of the 
electrolytic solution required to obtain smooth lithium ion diffusion between the particles of the 
graphite which is a negative -electrode active material is not fully carried out. Moreover, although 
a deposit of a lithium is not seen on a negative -electrode front face after 3A charge when there are 
many contents of carbon black as 6 % of the weight as a sample 10 shows, the initial capacity of a 
cell will fall. This is because the fill of the graphite in a negative-electrode ingredient falls. 
[0076] As mentioned above, it is suitable that it is 5% of the weight or less 0.05% of the weight or 
more, and the amount of mixing of the carbon black mixed into a negative -electrode ingredient is 
more desirable in it being 2 % of the weight or less 0.5 % of the weight or more. 
[0077] next, the sample 1 with the fixed content of the carbon black in a negative electrode as 
0.5 % of the weight and 5- evaluation of a cell charge and discharge property was performed to 
the difference of the DBP oil absorption of carbon black about 7 and 11. 

[0078] With samples 1, 5-7, a deposit of a lithium is not found on a negative-electrode front face 
after 3A charge, but it turns out that there is an outstanding high charge;and-discharge property. 
[0079] As a sample 11 shows, when there is little DBP oil absorption of carbon black as 48ml / 
lOOg, a deposit of a lithium will be found on a negative electrode front face after 3A charge, and 
the cell capacity in 5A discharge will become low. This has the weak liquid retaining force of the 
electrolytic solution of carbon black, and is because effectiveness to the extent that lithium ion 
diffusion is promoted inside a negative electrode is not acquired in high charge and high rate 
discharge. 

[0080] As mentioned above, in the carbon black mixed into a negative electrode ingredient, it is 
suitable that DBP oil absorption is 70ml / lOOg or more, and it turned out that DBP oil absorption 
is more desirable in their being 120ml / lOOg or more. 

[0081] <Experiment 2> In the sample 12 - the sample 17, the experiment 2 set constant the 

content and the amount of DBP oil supply of carbon black, and evaluated the cell 

charge and -discharge property to the difference of the bulk density of carbon black. 

[0082] Except that sample 12 bulk density considered the carbon black of 0.03 g/cm 3 as mixing, 

the cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] and a 

height of 65mm was produced like the sample 1. 

[0083] Except that sample 13 bulk density considers the carbon black of 0.04 g/cm 3 as mixing 
Except that sample 14 bulk density which produced the cylindrical nonaqueous electrolyte 
rechargeable battery with a diameter [ of 18mm ] and a height of 65mm like the sample 1 
considers the carbon black of 0.16 g/cm 3 as mixing Except that sample 15 bulk density which 
produced the cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] 
and a height of 65mm like the sample 1 considers the carbon black of 0.38 g/cm 3 as mixing Except 
that sample 16 bulk density which produced the cylindrical nonaqueous electrolyte rechargeable 
battery with a diameter [ of 18mm ] and a height of 65mm like the sample 1 considers the carbon 
black of 0.64 g/cm 3 as mixing Except that sample 17 bulk density which produced the cylindrical 
nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ] and a height of 65mm 
like the sample 1 considers the carbon black of 0.02 g/cm 3 as mixing About the cell which 
produced the cylindrical nonaqueous electrolyte rechargeable battery with a diameter [ of 18mm ], 
and a height of 65mm like the sample 1 and which was produced as mentioned above, charge and 
discharge were performed like the experiment 1, and the initial capacity of a cell, the cell capacity 
after discharge, and the existence of the lithium deposit to a negative electrode front face were 



investigated. The above result is shown in Table 2. 

[0084] 

[Table 2] 





carbon black 


DBP oil 


bulk density 


Existence of 
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Cell capacity 




Content 


absorption 




Li deposit 


initial 


5A discharge 
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(ml/100g) 


(g/cm 3 ) 


After 3A 


(mAh) 


(mAh) 










discharge 






Sample 1 2 


0.5 


163 


6.03 


N.F. 


1517 


517 


Sample 13 


OS 


163 


0.04 




1548 


587 


Sample 14 


0.5 


163 


0.16 


N.F. 


1551 


595 


Sample 1 5 


0;S 


163 


Q.38 


N.F. 


1496 


533 


Sample 16 


0.5 


163 


6.64 


F 


1483 


439 


Sample 17 


0,5 


163 


0.02 


N.R 


1471 


473 
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[0085] With samples 12-15, a deposit of a lithium is not found on a negative -electrode front face 
after 3A charge, but the initial capacity of a cell is also high, the cell capacity in 5A discharge is 
also high, and it turns out that there is an outstanding high charge and discharge property. 
[0086] On the other hand, as a sample 16 shows, when the bulk density of carbon black is as high 
as 0.64 g/cm 3 , a deposit of a lithium is found on a negative -electrode front face after 3A charge, 
and the cell capacity in 5A discharge becomes remarkably low. If the bulk density of carbon black 
is high, the volume to the addition weight of carbon black will become small. Therefore, the 
effectiveness of carbon black not coming to be filled up with the space between the particles of the 
graphite which is a negative-electrode active material, and promoting the lithium ion diffusion 
inside a negative electrode is not acquired. Moreover, if the amount of mixing to the 
negative -electrode ingredient of carbon black is increased in order that the bulk density of carbon 
black may compensate the volume insufficiency by the high thing, since the fill of the graphite 
which a negative electrode ingredient is made to contain will fall, the initial capacity of a cell will 
fall like the sample 10 of experiment 1. 

[0087] On the other hand, as a sample 17 shows, when the bulk density of carbon black is as low 
as 0.02 g/cm 3 , cell capacity will fall. This is for the volume density of a negative -electrode 
electrode not to go up. 

[0088] As mentioned above, it is suitable that it is 0.03g /cm 3 or more and 0.4 g/cm 3 or less, and it 
turned out that the bulk density of the carbon black mixed into a negative -electrode ingredient is 
more desirable in their being 0.04 g/cm 3 or more and 0.16 g/cm 3 or less . 
[0089] 

[Effect of the Invention] Since the solution retention of the electrolytic solution inside a negative 
electrode increases by including carbon black excellent in conductivity and solution retention in a 
negative electrode in the nonaqueous electrolyte rechargeable battery concerning this invention 
so that clearly also from the above explanation, smooth lithium ion diffusion can be obtained 
between the particles of the graphite which is a negative -electrode active material. Since the 
internal resistance of a negative electrode is reduced since this becomes possible [ preventing 
polarization inside a negative electrode ], and the dope and dedope of the lithium to the graphite 
which is a negative electrode active material can be made smooth, a deposit of the lithium to a 



negative-electrode front-face top can be controlled at the time of high charge, and it becomes the 
thing excellent in the high charge and discharge property. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is the sectional view showing the example of 1 configuration of a nonaqueous 
electrolyte rechargeable battery. 
[Description of Notations] 

1 Negative Electrode, 2 Positive Electrode, 3 Separator, 4 Cell Can, 5 Negative -Electrode Charge 
Collector, 6 Positive-Electrode Charge Collector, 7 Electric Insulating Plate, 8 Negative -Electrode 
Lead, 9 Positive-Electrode Lead, 10 Sheet Metal for Current Cutoff, 11 Cell Lid, 12 Obturation 
Gasket, 13 Center Pin, 14 Relief Valve Equipment, 15 PTC Component 




* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



